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L4 ANSWER 1 OF 17 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI A facile method for determining ice recrystallization 

inhibition by antifreeze proteins. 
AB Ice recrystallization, the growth of large ice crystals at the expense of 

small ones, stresses freeze tolerant organisms and causes spoilage of 

frozen foods. This process is inhibited by antifreeze proteins (AFPs) . 

Here, we present a simple method for determining the ice 

recrystallization inhibition (RI) activity of 
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an AFP under physiological conditions using 10 mul glass capillaries. 

Serial dilutions were prepared to determine the concentration below which 

RI activity was no longer detected, termed the RI endpoint. For 

type III AFP this was 200 nM. The capillary method allows 

samples to be aligned and viewed simultaneously, which facilitates RI 

endpoint determination. Once prepared, the samples can be used 

reproducibly in subsequent RI assays and can be archived in a freezer for 

future reference. This method was used to detect the elution of 

type III AFP from a Sephadex G-75 size-exclusion column. RI 

activity was found at the expected Ve for a 7 kDa protein and also 

unexpectedly in the void volume . 

ACCESSION NUMBER: 2004:64469 BIOSIS 

DOCUMENT NUMBER: PREV200400065777 

TITLE: A facile method for determining ice 

recrystallization inhibition by 

antifreeze proteins. 
AUTHOR (S) : Tomczak, Melanie M.; Marshall, Christopher B.; Gilbert, 

Jack A.; Davies, Peter L. [Reprint Author] 
CORPORATE SOURCE: Department of Biochemistry and Protein Engineering Network 

of Centres of Excellence, Queens University, Kingston, ON, 

K7L 3N6, Canada 

daviesp@post.queensu.ca 
SOURCE: Biochemical and Biophysical Research Communications, 

(November 28 2003) Vol. 311, No. 4, pp. 1041-1046. print. 

CODEN: BBRCA9. ISSN: 0006-291X. 
DOCUMENT TYPE: Article 
LANGUAGE : Eng 1 i s h 

ENTRY DATE: Entered STN: 28 Jan 2004 

Last Updated on STN: 28 Jan 2004 

L4 ANSWER 2 OF 17 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Stable, high-level expression of a type I antifreeze 
protein in Escherichia coli. 

AB The type I antifreeze proteins are simple amphipathic helical proteins 
found in abundance in polar fish species, where they act to prevent 
freezing of internal fluids by a mechanism of noncolligative freezing 
point depression. Large-scale production of these proteins for research 
and biotechnological purposes has been hampered by their apparent 
instability when expressed in heterologous host systems. This has 
necessitated their production as fusion proteins, in polymeric form, or as 
proproteins for secretion, with the concomitant necessity for 
postpurif ication processing to generate the mature form of the protein. 
We have successfully expressed a recombinant variant of type I 
antifreeze protein (rAFP) in Escherichia coli using the 
inducible T7 polymerase transcription expression system. The rAFP 
contains five copies of the 11 amino acid ice-binding repeat motif found 
in all type I antifreeze proteins. The protein accumulates to high levels 
intracellularly in the form of inclusion bodies, with no apparent 
degradation by the cellular proteolytic machinery. We have devised a 
simple and rapid purification protocol for this recombinant type I 
antifreeze protein which does not require cellular 

fractionation, purification of the inclusion bodies, or chromatographic 
steps. This protocol may be of general use for this class of protein. 
The protein displays all three activities common to these proteins: 
recrystallization inhibition, noncolligative freezing 
point depression, and modification of the morphology of single ice 
crystals in solution. 

ACCESSION NUMBER: 1999:305223 BIOSIS 

DOCUMENT NUMBER: PREV1999003 05223 

TITLE: Stable, high-level expression of a type I 

antifreeze protein in Escherichia coli. 
AUTHOR (S) : Solomon, Robert G. [Reprint author]; Appels, Rudi [Reprint 

author] 
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CSIRO Plant Industry and Quality Wheat CRC Ltd, Canberra, 
ACT, 2601, Australia 

Protein Expression and Purification, (June, 1999) Vol. 16, 

No. 1, pp. 53-62. print. 

CODEN: PEXPEJ. ISSN: 1046-5928. 

Article 

English . 

Entered STN: 12 Aug 1999 

Last Updated on STN: 12 Aug 1999 
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STN 

TI Tracking the profile of a specific antifreeze protein 

and its contribution to the thermal hysteresis activity in cold 
hardy insects. 

AB This study summarizes some important new directions in research on 
antifreeze protein biosynthesis and regulation. It 

describes the recent development and availability of essential biochemical 
and cellular tools that make possible more direct cellular investigations, 
and an assessment of the relationship between thermal hysteresis protein 

(THP) levels and antifreeze activity (both thermal hysteresis 
and recrystallization inhibition (RI) ) . These tools 
include: 1) the isolation of a specific THP of high activity 

(designated Tm 12.86), and an additional endogenous activating factor of 
this antifreeze protein; 2) the ability to track the 

cellular and secretory patterns of Tm 12.86 immunologically; 3) the use of 
an in vitro fat body cell culture system for direct investigation of 
cellular events, and, 4) a means of quantifying RI behavior of purified Tm 
12.86, and samples of unknown concentrations of THPs, to provide a more 
sensitive detection method for antifreeze activity at 

scaled down values associated with the in vitro system. In combination; 
these studies indicate that the adaptation mechanisms contributing to the 
overall antifreeze protein response in a cold hardy 

insect involves a complex interaction between antifreeze proteins and 
endogenous activators of these proteins. With the availability of these 
key tools, the details of a precise and seasonal regulation of these 
antifreeze protein/activator interactions, which 

ultimately generate an efficient cold hardy response, now have the 
potential to be worked out. 
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ANSWER 4 OF 17 WPIDS COPYRIGHT 2 005 THE THOMSON CORP on STN 

New cDNA polynucleotide encoding a thermal hysteresis protein which is a 

Type III anti-freeze protein derived from the Tenebrionoidea Superfamily, 

useful for providing antifreeze protection to improve the quality of food. 

2002-090137 [12] WPIDS 

WO 200194378 A UPAB : 20020221 

NOVELTY - A cDNA polynucleotide (I) comprising a nucleotide sequence for 



encoding a thermal hysteresis protein which is a Type III anti-freeze 
protein derived from the Tenebrionoidea Superfamily, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) a mRNA polynucleotide (II) comprising a nucleotide sequence for 
encoding thermal hysteresis proteins derived from the Tenebrionoidea 
Superfamily transcribed from (I) ; 

(2) a DNA or RNA probe having a sequence complementary or identical 
to a sequence of contiguous nucleotides for at least a portion of (I) ; 

(3) a recombinant vector containing (I) ; 

(4) a thermal hysteresis protein, preferably an endogenous Type III. 
anti-freeze proteins, derived from the Tenebrionoidea Superfamily which 
lowers the freezing point of a solution without effecting the melting 
point of the solution; 

(5) a consensus sequence with a nucleotide sequence selected from one 
of the four 481 nucleotide sequences (S1-S4) defined in the specification; 

(6) a consensus sequence with an amino acid sequence selected from 
the 133 (S5) , 134 (S6) , another 134 (37), another 134 (S8) amino acid 
sequence defined in the specification; 

(7) a consensus sequence with the 133 amino acid sequence (S9) 
defined in the specification; 

(8) a primer having a nucleotide sequence selected from P1-P3; 

(9) a method (Ml) for producing a polypeptide having 

antifreeze properties comprising forming a cloning vector with a Tm 12.86 
family member gene encoding an antifreeze polypeptide, transferring genes 
of the cloning vector into DNA of host cell to create a transformed cell, 
expressing a mRNA sequence and a translated amino acid sequence from the 
recombinant expression vector, the sequence being isoforms of the Tm 12.86 
T. molitor antifreeze polypeptide; 

(10) a method (M2) for providing antifreeze or 
recrystallization inhibition properties to a subject 

formulation comprising incorporating at least 0.1 micrograms to 1 mg of an 
activated polypeptide into 1 ml of a subject formulation to obtain 
recrystallization inhibition or 1 mg to 25 mg of the 
activated polypeptide into 1 ml of a subject formulation to thermal 
hysteresis ; 

(11) a Tm 12.86 antibody/antiserum; 

(12) a recrystallization inhibition 

method (M3) for determining the presence, relative concentration, 
and/or activity of thermal hysteresis proteins comprising 
providing a proteinaceous composition in a solvent to form a test 
solution, flash freezing the solution, raising the temperature of the 
frozen solution to an appropriate annealing temperature that allows for a 
partial melt, while limiting heterogeneity in ice grain sizes within the 
solution, maintaining the frozen solution at the annealing temperature for 
a length of time sufficient to allow for recrystallization, monitoring the 
ice crystal grain size changes over time, and determining the presence of 
functional thermal hysteresis proteins in the solution given the retention 
of significantly smaller ice crystal grain sizes relative to at least one 
control solution; 

(13) a method for quantitatively assessing the extent of 
recrystallization occurring in frozen foods, and the impact of solution 
additives to inhibit or limit recrystallization according to the process 
defined in M3; and 

(14) a method for quantitatively assessing and comparing 
the effectiveness of cryoprotective solutions on the extent of 
recrystallization occurring in cryopreserved cells, tissues, solutions and 
the like, according to the process defined in M3 . 

CGCGGATCCCTCACCGACGAACAG (PI) ; 
GAGAGGATAACTAATTGAGCTCGCC {P2) ; and 
CGCGGATCCCTGACCGAGGCACAA (P3) . 

USE - The activated anti-freeze protein is incorporated into: 
(a) plant, produce or fish in an amount sufficient to provide 
antifreeze protection; 



(b) a region of a target tissue in an amount sufficient to provide 
antifreeze protein controlled limited tumor cell or 

target tissue cryoinjury during cryosurgery; 

(c) hypothermic solutions or bathing media to reduce cold damage in 
order to provide cryogenic or hypothermic preservation of cells and 
tissues by incorporating the protein into the cells, tissue, or cell 
membranes in a controlled amount sufficient to provide antifreeze 
protection; 

(d) de-icing formulations or used on surfaces to reduce existing ice 
buildup or abate the formation of ice buildup on surfaces such as a road, 
aircraft, household products, cosmetic products, machinery and plant 
surfaces; or 

(e) a food product in an amount sufficient to provide antifreeze 
protection to improve the quality of food by abating freezing of 
solutions, freezer burn, or degradation due to cold storage. 

The polynucleotides for the activated protein are used to create 
transgenic or gene-modified plants, crops, fish, or animals having greater 
tolerance to cold climatization . The Tm 12.86 antibody/antiserum is used 
as a screening device to identify positive recombinant plaques containing 
cloned inserts capable in an expression vector system to produce 
recombinant products recognized by the antibody/antiserum. The Tm 12.86 
antibody/antiserum which is also used as a screening device to screen cDNA 
libraries in an expression system, including cross-species cDNA libraries 
to identify homologous sequences in other species. 

M3 is used for concurrent multiple sample testing of solutions which 
includes the 'sandwich' method; and application via a 96 well 
plate device (all claimed) . 
Dwg.0/8 

2002-090137 [12] WPIDS 
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New cDNA polynucleotide encoding a thermal hysteresis 
protein which is a Type III anti -freeze protein derived 
from the Tenebrionoidea Superfamily, useful for providing 
antifreeze protection to improve the quality of food. 
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L4 ANSWER 5 OF 17 BIOTECHDS COPYRIGHT 2005 THE THOMSON CORP. on STN 
TI New cDNA polynucleotide encoding a thermal hysteresis protein which is a 
Type III anti-freeze protein derived from the Tenebrionoidea Superfamily, 
useful for providing antifreeze protection to improve the quality of 
food; 

phagemid vector-mediated recombinat protein gene transfer and 
expression in bacterium cell, transgenic plant, transgenic fish and 
transgenic animal for cold climatization enhancement 
AN 2002-07231 BIOTECHDS 
AB DERWENT ABSTRACT: 

NOVELTY - A cDNA polynucleotide (I) comprising a nucleotide sequence for 
encoding a thermal hysteresis protein which is a Type III anti-freeze 
protein derived from the Tenebrionoidea Superfamily, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following: (1) a mRNA polynucleotide (11) comprising a nucleotide 
sequence for encoding thermal hysteresis proteins derived from the 
Tenebrionoidea Superfamily transcribed from (I); (2) a DNA or RNA probe 
having a sequence complementary or identical to a sequence of contiguous 
nucleotides for at least a portion of (I) ; (3) a recombinant vector 
containing (I) ; (4) a thermal hysteresis protein, preferably an 
endogenous Type III anti-freeze proteins, derived from the Tenebrionoidea 
Superfamily which lowers the freezing point of a solution without 
effecting the melting point of the solution; (5) a consensus sequence 
with a nucleotide sequence selected from one of the four 481 nucleotide 
sequences (S1-S4) defined in the specification; (6) a consensus sequence 
with an amino acid sequence selected from the 133 {S5) , 134 (S6) , another 
134 (S7) , another 134 (S8) amino acid sequence defined in the 
specification; (7) a consensus sequence with the 133 amino acid sequence 
(S9) defined in the specification; (8) a primer having a nucleotide 
sequence selected from P1-P3; (9) a method (Ml) for producing a 
polypeptide having antifreeze properties comprising forming a cloning 
vector with a Tm 12.86 family member gene encoding an antifreeze 
polypeptide, transferring genes of the. cloning vector into DNA of host 
cell to create a transformed cell, expressing a mRNA sequence and a 
translated amino acid sequence from the recombinant expression vector, 
the sequence being isoforms of the Tm 12.86 T. molitor antifreeze 
polypeptide; (10) a method (M2) for providing antifreeze or 
recrystallization inhibition properties to a subject 

formulation comprising incorporating at least 0.1 micrograms to 1 mg of 
an activated polypeptide into 1 ml of a subject formulation to obtain 
recrystallization inhibition or 1 mg to 25 mg of the 
activated polypeptide into 1 ml of a subject formulation to thermal 
hysteresis; (11) a Tm 12.86 antibody/ antiserum; (12) a 
recrystallization inhibition method (M3) for 

determining the presence, relative concentration, and/or activity 
of thermal hysteresis proteins comprising providing a proteinaceous 
composition in a solvent to form a test solution, flash freezing the 
solution, raising the temperature of the frozen solution to an 
appropriate annealing temperature that allows for a partial melt, while 
limiting heterogeneity in ice grain sizes within the solution, 
maintaining the frozen solution at the annealing temperature for a length 
of time sufficient to allow for recrystallization, monitoring the ice 



crystal grain size changes over time, and determining the presence of 
functional thermal hysteresis proteins in the solution given the 
retention of significantly smaller ice crystal grain sizes relative to at 
least one control solution; (13) a method for quantitatively 
assessing the extent of recrystallization occurring in frozen foods, and 
the impact of solution additives to inhibit or limit recrystallization 
according to the process defined in M3; and (14) a method for 
C[uantitatively assessing and comparing the effectiveness of 
ciryoprotective solutions on the extent of recrystallization occurring in 
cryopreserved cells, tissues, solutions and the like, according to the 
process defined in M3 . CGCGGATCCCTCACCGACGAACAG (PI) ; 
GAGAGGATAACTAATTGAGCTCGCC (P2) ; and CGCGGATCCCTGACCGAGGCACAA {P3) . 

BIOTECHNOLOGY - Preferred Protein: The thermal hysteresis protein is 
from the group consisting of Tm 12.86, Tm2.2, Tm3.4, Tm3.9, Tm7.5, Tm 
2.3, Tm 13.17, Tm 12.84 or their isoforms. The thermal hysteresis protein 
has an amino acid sequence selected from one of the 39 sequenced defined 
in the specification or S5-S9. Preferred Nucleic Acid: In (I) and (11), 
the nucleotide sequence is selected from one of the 18 nucleotide 
sequences (SIO) defined in the specification, or S1-S4, or their 
respective complements. The nucleotide sequence further includes a 5' end 
selected from non-his/signal plus, non-his/signal minus, his/signal plus 
and his/signal minus. Preferred Method: Ml further comprises 
isolating the amino acid sequence and establishing antifreeze 
protein activity for the amino acid sequence. The amino 
acid sequence is selected from S5-S9. The polypeptide has an apparent 
molecular weight from about 11000 to 25000 Daltons. Isolating the amino 
acid sequence comprises extraction from inclusion bodies within the 
transformed host bacterial cell. Establishing activity further 
comprises denaturing and extracting proteins from the transformed cells 
followed by renaturizing and purifying the polypeptide, followed by 
further denaturing and refolding. The activity step provides 
antifreeze polypeptide activity as measured by thermal 
hysteresis or antifreeze specific recrystallization 
inhibition. In M2 , the activated polypeptide provides a 
non-colligative freezing point depression and an antifreeze specific 
inhibition of recrystallization. M2 further comprising an enhancing 
activator species. The activator is an endogenous activator from T. 
molitor or Tm 12.86 antisera. In M3, the solvent selected from water, 
saline, phosphate buffered saline (PBS) , or other isoosmotic inorganic or 
organic solutions. Two or more control solutions are used, where one 
control is the solvent and the other is a control for non-specific 
recrystallization inhibition effects. The proteinaceous 

composition is selected from antifreeze polypeptides (such as a thermal 
hysteresis protein, e.g. purified Tm 12.86 or Tm 12.84, with a known 
activity) , antifreeze glycopeptides , recombinant antifreeze 
polypeptides, recombinant antifreeze glycopeptides, synthetic antifreeze 
polypeptides analogs, synthetic antifreeze glycopeptide analogs, cell 
culture products, activator, recombinant bacterial products, recombinant 
products, uncharacterized plant products and transgenic plant products. 
Alternatively, the proteinaceous composition has unknown functional 
antifreeze protein activity. The protein 

composition of Tm 12.86 is 0.5 micrograms to 25 micrograms /ml . The 

protein content is less than or equal to 1 mg/ml in saline and PBS, and 

less than or equal to 0.005 mg/ml in water. The recrystallization 

inhibition method is carried out under conditions to 

eliminate non-thermal hysteresis protein induced 

recrystallization inhibition effects. The conditions in 

saline are at -6 degrees Centigrade for 30 minutes with total protein 

content less than or equal to 1 mg/ml; or in water at -2 degrees 

Centigrade for 2 hours with total protein content less than or equal to 

0.005 mg/ml. The recrystallization inhibition 

method is carried out under conditions to avoid hyperosmotic 

solutions. Monitoring of ice crystal grain size changes over time is by 

photomicroscopy, digital or video imaging. The quantitative data is 



collected by measurement of the mean largest ice grain size for both the 
test and control solutions to provide a basis for numerical assessment of 
the extent of recrystallization inhibition occurring. 

The composite mlgs are obtained for the test solution and the control 
solution, which are then statistically compared. The quantitative data 
collection is collected by assessment using a densitometer of light 
transmitted through a low magnification full view photographic negative 
of frozen sample wafer; absorbance peaks for the test solution is 
evaluated for maximum amplitude and statistically compared with the 
control solution. The dilution profile of the test solution is obtained 
over a wide dilution range until mlgs, or another quantifiably assessed 
response variable, are no longer significantly different from the 
saline/PBS and/or non-THP containing proteinaceous control solutions. The 
composite mlgs, or absorbance peak area (light scattering) , or computer 
generated units (digital/video imaging) ) are calculated for the test 
solution and plotted as a function of the logarithm of sample 
concentration, with replicate dilution series tested, and compared to 
control solution baseline. The linear regression analyses is used to 
approximate the linear portion of the dilution profile, with application 
of a transforming function (arcsine { (mlgs) 0 . 5) verses log (dilution) ) to 
mlgs to limit inherent curvature of dilution plots caused by the 
•leveling off of mlgs values for both very dilute and very concentrated 
thermal hysteresis protein samples. The linear regression analyses 
provides the basis for development of a numerical factor (RI factor) 
describing the activity of the test solution with respect to 
recrystallization inhibition capability. The RI factor 
is. equal to the absolute value of the logarithm of the minimum test 
solution dilution required to eliminate recrystallization 
inhibition activity. The RI factor is a measure of test 
solution recrystallization inhibition strength, 

according to the assessed exponential factor required for sufficient 
dilution of test solution to lose recrystallization 
inhibition activity, and providing a relative 

assessment of functional thermal hysteresis concentration within the test 
solution. The RI factor provides a relative assessment of functional 
thermal hysteresis protein concentration, and comparisons of various test 
solutions concentrations given translational shifts along the X axis. The 
regression line slope and Y-intercept reflect the 
recrystallization inhibition potency of a given test 
solution, thermal hysteresis protein species, recombinant thermal 
hysteresis protein product, synthetic thermal hysteresis analogue, or the 
like. The slope comparisons and shifts along Y-intercept provide relative 
potency comparisons between test solutions, thermal hysteresis species 
and the like. The expected concentrations of Tm 12.86 producing 
equivalent RI profiles are deduced, and provide reference interpretations 
of the test solution(s) functional activity (ies) to an 
antifreeze protein of known characterized parameters 
experimentally measured. The activity and potency of the test 
solution may include a combination of more than one type of thermal 
hysteresis protein, and/or thermal hysteresis protein plus activator 
solutions such as in test solution of hemolymph, or artificial solutions 
containing known amounts of purified thermal hysteresis protein with an 
activator supplement. M3 further comprises mathematical modeling of the 
recrystallization inhibition process with prediction of 
effects on slope and Y-intercept and log/log transformations for test 
solution mlgs data and analysis. The relationship between RI factors and 
thermal hysteresis levels for functionally active test solutions are 
described by equation: RI factor = 1.428 LOG(TH) + 3.703. A random 
sampling method is used for data collection generating mlgs 
which significantly eliminates the impact of intrasample ice crystal 
grain heterogeneity at high annealing temperature and with saline/PBS 
solvents . 

USE - The activated anti- freeze protein is incorporated into: (a) 
plant, produce or fish in an amount sufficient to provide antifreeze 



protection; (b) a region of a target tissue in an amount sufficient to 
provide antifreeze protein controlled limited tumor 

cell or target tissue cryoinjury during cryosurgery; (c) hypothermic 
solutions or bathing media to reduce cold damage in order to provide 
cryogenic or hypothermic preservation of cells and tissues by 
incorporating the protein into the cells, tissue, or cell membranes in a 
controlled amount sufficient to provide antifreeze protection; (d) 
de-icing formulations or used on surfaces to reduce existing ice buildup 
or abate the formation of ice buildup on surfaces such as a road, 
aircraft, household products, cosmetic products, machinery and plant 
surfaces; or (e) a food product in an amount sufficient to provide 
antifreeze protection to improve the quality of food by abating freezing 
of solutions, freezer burn, or degradation due to cold storage. The 
polynucleotides for the activated protein are used to create transgenic 
or gene-modified plants, crops, fish, or animals having greater tolerance 
to cold climatization. The Tm 12.86 antibody/ antiserum is used as a 
screening device to identify positive recombinant plaques containing 
cloned inserts capable in an expression vector system to produce 
recombinant products recognized by the antibody/ antiserum. The Tm 12.86 
antibody/ antiserum which is also used as a screening device to screen 
cDNA libraries in an expression system, including cross -species cDNA 
libraries to identify homologous sequences in other species. M3 is used 
for concurrent multiple sample testing of solutions which includes the 
'sandwich' method; and application via a 96 well plate device 
(all claimed) . 

EXAMPLE - mRNA isolated from winter-acclimated whole animal and fat 
body of T. molitor were used as starting material to construct cDNA 
libraries. The ZAP express cDNA synthesis kit purchased from Stratagene 
was used for synthesis of cDNA. The detailed protocols suggested by the 
manufacturer were followed. The above cDNAs were applied to the Sephacryl 
5-500 spin column to get rid of small pieces and uncomplete cDNA. 
Fractions were collected after each spin. Then each fraction was 
precipitated and ligated to the ZAP express vector arms, which generated 
libraries with different size of cDNA inserts. The ligated ZAP express 
vector was packaged into lambda phage particles using ZAP express cDNA 
Glgapack Gold Cloning Kit (Stratagene), i.e. packaging the vector with 
lambda coat protein to have viable phage activity. The cDNA 
libraries were amplified by plating on NZY plates with XL 1-blue MRF' 
strain (Stratagene) . Phages were plated at high density with 50000 plaque 
forming units (pfu) per plate (150 mm) as recommended by Stratagene in 
the PicoBlue immunoscreening kit. Briefly, the XLl-blue MRF' cells were 
cultured overnight in NZY medium (5 g NaCl, 2 g MgS04.7H20, 5 g yeast 
extract, 10 g NZ amine (casein hydrolysate) , 15 g agar per liter at pH 
7.5) supplemented with 10 mM MgS04 and 0.2% (v/v) of maltose. When the 
cell density reached OD600 of 1.0 the cells were pelleted and resuspended 
with sterilized 10 mM MgS04 and diluted to a final OD600 of 0.5. A 
portion of this XLl-Blue MRF' cell suspension was mixed with phages and 
incubated for 15 minutes at 3 7 degrees Centigrade, then the 3 0 melted NZY 
top agar (5 g NaCl, 2 g MgS04.7H20, 5 g yeast extract, 10 g NZ amine and 
0.7 % (v/v) agarose, pH 7.5) was added and mixed. The mixture was 
immediately poured onto the surface of a pre-prepared agar plates and 
left to solidify at room temperature. The agar plates were then incubated 
at 42 degrees Centigrade for 5 hours. During incubation the 
nitrocellulose membranes (Stratagene) were submerged in 10 mM IPTG 
(isopropyl-l-thio-Beta-D-galactopyranoside) solution . After completely 
wetting the nitrocellulose membranes, they were placed on Whatman 3 mm 
paper to air dry. When small plaques became visible in plates, the plates 
were covered with the treated nitrocellulose membranes and incubated for 
another 3-5 hours or overnight at 37 degrees Centigrade. The expression 
of cDNA in the vector is induced by IPTG absorbed in the membrane and the 
expressed proteins would be transferred to the membrane via plaque lift 
process. The lifted nitrocellulose membranes were washed in phosphate 
buffered saline (PBS) buffer and subjected to immunoblot screening. The. 
nitrocellulose membranes obtained during the phage lift were washed in 



PBS (0.002 M KCl, 0.14 M NaCl, 0.01 M Na2HP04, 0.0015M KH2P04, pH 7.2) 
after lifting. The wash was usually carried out for 3 times with shaking, 
each lime for 5 mm. The membrane was first blocked with fresh 5 % nonfat 
dry milk in PBS buffer for one hour with gentle agitation and then washed 
with PBS as described above. To block the possible endogenous perixodases 
in the membrane, the membrane then was incubated with fresh 0.5 % H202 
for 5-30 mm and followed by washing with PBS for three times. Next, the 
membrane was incubated in the primary antibody against Tm 12.86 kD 
antifreeze protein .(primary antibody serum was diluted 
at 1:1000 with PBS) for one to two hours with gentle shaking at room 
temperature, then washed with PBS for three times. The membrane was 
incubated with a 1:500 dilution second antibody (peroxidase-conjugate 
goat -anti -rabbit, Sigma) for one to two hours and washed with PBS as 
above. Finally, the membrane was colorized with 15 ml of DAB solution 
(3 , 3 ' -Diaminobenzidine Tetrahydrochloride; Fast Dab: Sigma) with gentle 
agitation until purple dots (positive clones) were visualized. The DAB 
reaction was stopped by washing the membrane with PBS. The membrane was 
dried in air for preservation. Plaques corresponding to positive dots in 
the membrane were marked for further evaluation including purification 
and isolation. Several single immunologically positive plaques from each 
of the two cDNA libraries (F5+6 (WB) and F3 . . . . 6 (FB) ) containing small 
cDNA fragments were used for excision following the single-clone excision 
protocol described in the ZAP express cDNA synthesis kit (Stratagene) . 
Individual positive plaques obtained from initial screening were further 
purified and isolated in low concentration of pfu from NZY agar plates 
and stored in a tube containing 500 microlitres of phage stock buffer (SM 
buffer) (O.IM NaCl; 0.017 M MgS04.7H20, 0.05M Tris-HCl, pH 7.5; 1% (W/V) 
gelatin, 20 microlitres of chloroform) . XLl-Blue MRF' and XLOLR cells 
were grown separately overnight in NZY broth (5 g of NaCl; 2g of 
MgS04.7H20; 5 g of yeast extract; 10 g of NZ amine with deionized H20 
added to a final volume of 1 liter; and pH to 7.5 with NaOH) at 30 
degrees Centigrade. Then cells were pelleted and resuspend in 10 mM MgS04 
at a concentration of 1.0 determined spectrophotometry at OD600. First, 
200 microlitres of XLl-Blue MRF' cells were mixed with 250 microlitres of 
the phage stock and 1 microlitre of ExAssist helper phage and the mixture 
was incubated in a Falcon polypropylene tube at 3 7 degrees Centigrade for 
15 minutes, then 3 ml of NZY broth was added and the solution was 
incubated for 2.5 -3 hours at 37 degrees Centigrade with shaking. Next, 
the solution was heated at 65-70 degrees Centigrade for 20 minutes and 
spun down at 1000 x g for 15 minutes. The supernatant containing the 
excised pBK-CMV ss DNA phagemid packaged as filamentous phage particles 
was saved. To get colonies from the phagemid, 200 microlitres of freshly 
grown XLOLR cells were mixed with 10 microlitres of the excised 
phagemids . After incubation at 3 7 degrees Centigrade for 15 minutes, 300 
microlitres of NZY broth was added and incubated at 3 7 degrees Centigrade 
for another 45 minutes. 200 microlitres of the cell mixture was plated on 
each LB (loria broth) ) -kanamycin agar plate and incubated overnight at 3 7 
degrees Centigrade. Next day many colonies would appear on the plates 
which contain the pBK-CMV double -stranded phagemid vector with the cloned 
cDNA insert. cDNA was isolated from phagemid using the 'plasmid boiling 
miniprep protocol' from Stratagene. In general, the method for 
DNA digestion was as follows. A certain amount (2 micrograms) of plasmid 
DNA was added to a 1.5 ml microcentrifuge tube containing 3 microlitres 
of universal buffer (Stratagene) was added and then appropriate amount 
(following recommendation by Stratagene) of restriction enzymes of Xhol 
and EcoRl were added. The final volume was brought to 2 0 microllitres 
with dH20 and incubated at 3 7 degrees Centigrade for 1 hour. The digested 
DNA solution was subjected to electrophoresis in 1.0 % agarose gel or 
stored at -20 degrees Centigrade. Seven out of 30 recombinant plasmids 
detected by antiserium against Tm 12.86, each containing about 500 base 
pairs (bps) following digestion by XLo I andEco RI were selected for 
nucleotide sequencing. These clones were initially sequenced by the 
dideoxy chain termination method using the Sequenase sequencing 
kit (version 2.0) from U.S. Biochemical Corp. and a 3 5S-dATP from Du pont 



NEN. Both T7 and T3 primers, complementary to the sequence of the vector 
were used. The purified plasmid DNA was denatured with 0.2 M NaOH 
containing 0.2 mM EDTA, then neutralized with 0.6 M sodium acetate, pH 
5.2 and precipitated with ethanol prior to sequencing. Sequence reaction 
followed the instruction provided by USB and sequence reaction products 
(about 3 microlitres) were loaded on 6 % polyacrylamide gel for 
electrophoresis at a constant power (1500V) . After the blue dye reached 
the bottom of the plate, the gel was placed onto a piece of filter paper 
and dried under heat (80 degrees Centigrade) and vacuumed on a slab gel 
drying apparatus. The dried gel was exposed to Fuji X-ray film overnight 
or longer depending on the count of the radio-activity from the 
monitor. The film was developed according to the instructions provided. 
After DNA sequence was read, DNA and predicted protein sequences were 
analyzed with FASTA and Genetics Computer Group version 7.1 programs. 
Subsequent sequencing was obtained via an automated DNA sequencer. (231 
pages) 
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TI A facile method for determining ice recrystallization 

inhibition by antifreeze proteins 
AB The authors present a simple method for determining the ice recrystn. 

inhibition (RI) activity of an antifreeze 

protein (AFP) under physiol . conditions using 10 ^1 glass 

capillaries. Serial dilns. were prepared to determine the concentration below 
which RI 

activity was no longer detected, termed the RI endpoint . For type 
III AFP this was 200 nM. The capillary method allows samples to 
be aligned and viewed simultaneously, which facilitates RI endpoint 
determination 

Once prepared, the samples can be used reproducibly in subsequent RI assays 
and can be archived in a freezer for future reference This method 
was used to detect the elution of type III AFP from a Sephadex G-75 
size-exclusion column. RI. activity was found at the expected Ve 
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TI Antifreeze proteins from basidiomycetes 

AB The present invention provides antifreeze proteins produced by a 

basidiomycete . The antifreeze protein has a high 
antifreeze activity such as a thermal hysteresis 
activity or an ice-recrystallization 
inhibition activity. 
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TI COLD TOLERANCES IN PLANTS 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 



nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces. 
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TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB Thermal hysteresis proteins and their nucleotide sequences derived from 

the Tenebrionoidea Superfamily which lower the freezing point of a 
solution without effecting the melting point. Related methods for 
preparing said proteins and for providing antifreeze or 
recrystallization inhibition properties to a subject 
formulation . 
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TI Nucleic acid sequences encoding type III tenebrio antifreeze proteins 

and method for assaying activity 

AB A recrystallization inhibition method for 

determining the presence, relative concentration, and/or 
activity of thermal hysteresis proteins comprising: providing a 
proteinaceous composition in a solvent to form a test solution; flash 
freezing said solution; raising the temperature of the frozen solution 
to an appropriate annealing temperature that allows for a partial melt, 
while limiting heterogeneity in ice grain sizes within said solution; 
maintaining said frozen solution at the annealing temperature for a 
length of time sufficient to allow for recrystallization; monitoring the 
ice crystal grain size changes over time; and determining the presence 
of functional thermal hysteresis proteins in said solution given the 
retention of significantly smaller ice crystal grain sizes relative to 
at least one control solution. 
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TI Cold tolerances in plants 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 
nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces. 
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TI Cold tolerances in plants 

AB A plurality of polypeptides derived from intercellular spaces of plant 

cells having frost tolerance. Some of the polypeptides are ice 
nucleators for developing ice crystals in extracellular spaces of plant 
tissue, some of the polypeptides are antifreeze components which control 
ice crystal growth in extracellular spaces and some of the polypeptides 
are enzymes which adapt plant cell walls to function differently during 
formation of ice crystals in plant intercellular spaces. 
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TI Transgenic plants having a nucleic acid sequence encoding a dendroides 

antifreeze protein 

AB The present invention is directed to transgenic plants having nucleic 
acid sequences encoding Dendroides canadensis thermal hysteresis 
proteins. The THPs of Dendroides have significantly greater thermal 
hysteresis activity than any other known anti- freeze protein. 
The thermal hysteresis activity of the purified THPs can be 
further enhanced by combining the THPs with various "activating" 
compounds . 
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TI Nucleic acid sequences encoding dendroides antifreeze proteins 

AB The present invention is directed to nucleic acid sequences encoding 

Dendroides canadensis thermal hysteresis proteins. The THPs of 
Dendroides have significantly greater thermal hysteresis 
activity than any other known ahti- freeze protein. The thermal 
hysteresis activity of the purified THPs can be further 
enhanced by combining the THPs with various "activating" compounds. 
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TI Ice crystal growth suppression polypeptides and method of 

making 

AB Novel methods of improving freezing tolerance of organic materials 

through the use of antifreeze polypeptides is provided. These 
polypeptides increase the storage life of foodstuffs and biologies, as 
well as protect plant products, such as during growth. The antifreeze 
polypeptides, or their fusion proteins, may be produced chemically or 
recombinant DNA techniques, and then purified for a variety of uses. 
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